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Pinal  Technical  Report (Oct. ,1992-Sept. ,1995) 


(1)  Research  objectives: 

a)  Growth  of  large  high  quality  of  single  crystal  of  and 

superconducting  where  A  represents  alkali  metal. 

b)  Extensive  physical  measurements  on  the  normal -state  and 
superconducting  properties  of  and  AjC^p. 

c)  Search  for  new,  air  stable  magnetic  and  superconducting 
fullerides. 

d)  Synthesis  and  study  of  the  Hg-1223  high  temperature 
superconductors . 

(2)  Status  of  the  research  efforts: 

a)  A  modified  plasma  arc  reactor  for  the  mass  production  of 
fullerenes  was  designed  and  manufactured.  The  reactor 
employs  mechanisms  for  continuous  graphite-rod  feeding  and 
in-situ  slag  removal.  Production  of  10  gram  of  soot  per  hour 
is  readily  achieved  utilizing  this  reactor.  Fullerene  yields 
up  to  20%  are  attained  routinely. 

b)  A  new  vapor  transport  technique  to  grow  single  crystals  of 
C^g  was  developed.  With  this  technique,  high  quality 
crystals  with  linear  dimension  of  1-3  mm  was  obtained. 
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c)  Thin  films  of  with  thickness  up  to  several  microns  were 
fabricated  by  direct  vacuum  evaporation. 

d)  A  simplified  technique  for  synthesizing  high  quality 

millimeter-sized  single  crystals  of  and  Rb^C^g  was 

developed.  The  preparation  method  consists  a  two-step 
process  where  pure  C^g  crystals  are  first  grown  and  later 
doped  with  Potassium  or  Rubidium  vapor.  A  specialized  quartz 
tube  was  designed  to  allow  superconducting  phase  purity  to 
be  monitored  via  low  field  shielding  magnetization 
measurements . 

Magnetic  properties  of  the  KjC^g  and  RbjC^g  crystals  have 
been  measured  by  using  a  SQUID  magnetometer.  Data  on  the 
field  and  temperature  dependences  of  the  critical  current 
density  and  are  obtained,  which  is  quite  different 
from  the  results  obtained  from  polycrystalline  samples. 
Comparisons  between  KjC^g  and  RbjC^g  indicate  that  defects 
may  be  more  prevalent  in  the  latter  compound  due  to  more 
sensitive  synthesis  requirements.  Also,  time  relaxations  of 
the  magnetizations  of  the  KjC^g  and  RbjC^g  have  been  conducted 
to  study  the  dynamics  of  the  flux  motions. 

e)  The  magnetic  and  structural  properties  of  C^g  interstitially 
doped  with  the  rare  earth  ytterbium  have  been  studied. 
Samples  of  Yb^^C^g  with  nominal  stoichiometries  ranging  from 

were  synthesized  in  cooperation  with  the  Department 
of  Chemistry.  A  low  temperature  liquid  ammonia  route  was 
used  to  intercalate  the  rare  earth  ions  into  the  fullerene 
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lattice.  Synthesis  was  carried  out  under  an  inert  atmosphere 
to  reduce  potential  contamination.  The  product  had  an 
amorphous  structure  that  decomposes  into  and  YbjOj  if 
heated  in  air.  Magnetic  measurements  showed  that  the  Yb 
exhibits  Curie-Weiss  paramagnism  for  T>15K  with  ytterbium 
ions  in  a  3+  oxidation  state.  At  low  temperature  (T<15K)  ,  a 
spin  glass  state  was  found  in  these  compounds, 
f )  .  A  new  system  of  superconductors  of  Tl,.j^Hg^Ba2Ca2Cu303^j 
(TlHg-1223)  with  0.1<x<1.0  and  T^>130K  was  developed. 
Polycrystalline  samples  consisting  of  a  near  pure 
superconducting  phase  of  Tg=134K  were  fabricated  over  a 
broad  composition  range.  Powder  x-ray  diffraction  showed  a 
continuous  solubility  exists  in  this  system.  Millimeter 
size  single  crystals  of  TlHg-1223  with  T^.  of  134K  were  also 
produced  by  a  liquid  phase  promoted  solid  state  reaction 
technique.  Based  on  this  progress,  researchers  now  can  use 
near  phase  pure  polycrystal  specimens  or  single  crystals  to 
study  the  various  properties  of  these  record  high  T^ 
superconductors . 

(3)  Publication  list 
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(6)  New  discoveries. 

New  superconductors  with  T^  above  13  OK  were  discovered  in 
the  system  of  Tl^.^^Hg^^BajCUgOg^^.  This  invention  was  disclosed 
to  the  University  of  California  Technical  Transfer  Office. 

(  University  of  California  patent  case  No. 94-061-1) . 
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